Arbacia eggs. This substance acts as a coenzyme in numerous aerobic and anaerobic metabolic processes (see references 1 and 2 for summaries of its functions). I t has also been shown to be involved in at least one type of oxidative energy transfer, namely, the coupling of phosphorylation with oxidation of triosephosphate (3-5). I t was therefore of interest to find, in the course of a systematic survey of possible energy-yielding processes in Arbacia eggs, that the diphosphopyridine nucleotide content of these eggs, 250-500 micrograms per gram wet weight, is comparable with that of other animal tissues and of certain yeasts (6-8).
Arbacia eggs. This substance acts as a coenzyme in numerous aerobic and anaerobic metabolic processes (see references 1 and 2 for summaries of its functions). I t has also been shown to be involved in at least one type of oxidative energy transfer, namely, the coupling of phosphorylation with oxidation of triosephosphate (3) (4) (5) . I t was therefore of interest to find, in the course of a systematic survey of possible energy-yielding processes in Arbacia eggs, that the diphosphopyridine nucleotide content of these eggs, 250-500 micrograms per gram wet weight, is comparable with that of other animal tissues and of certain yeasts (6) (7) (8) .
Experimental Methods and Materials

Preparation of Arbacla Egg Extracts and Their Assay for Diphosphopyridlne
Nudeotide.--Eggs of Arbacia punctulata were obtained at Woods Hole during July, August, and early September, 1941. They were handled, and the results expressed, exactly as described in the previous paper (9) . The type procedure for extraction of the diphosphopyridlne nucleotide was the same as for diphosphothiamine, with the modifications shown in the footnotes to Table I of the present paper. The total volume of the egg extract was taken as the sum of the volume of the combined supernatant fluids after centrifuging off the egg residue, and the volume of fluid added for pH adjustment; control experiments indicated that the amount of dlphosphopyridine nucleotide left in the egg residue after the second extraction could be disregarded. For each determination, two samples of eggs from the same batch were run; one sample was used to determine the diphosphopyridine nudeotide content of the eggs themselves; the other was used for recovery of added diphosphopyridine nudeotide by the same procedure as previously described for diphosphothiamine (9) .
The extracts were assayed for diphosphopyridine nucleotide by the method of Jandoff, Klemperer, and Hastings (10), which depends upon the enzymatic conversion of hexosedlphosphate into phosphoglyceric and glycerophosphoric acids under conditions such that the rate of conversion is proportional to the concentration of diphosphopyridine nucleotide present. The amount of acid produced in a given time is measured manometrically by following the COi liberated from a bicarbonate buffer.
In the present experiments, the main compartment of each Warburg flask received 749 * The extraction methods were as follows: 1. The packed eggs were taken up in 5 cc. 1 ~ NaC1 which was 0.005 N in HC1, heated 3 minutes in a boiling water bath, cooled, centrifuged; the supernatant liquid was transferred to another tube. This extraction was repeated with another 5 cc. of the same extraction fluid, the supernatant extracts combined, brought to pH 6.4, filtered.
2. Same as (1), except that the first extraction was made with 1 ~ NaC1 which was 0.008 N in HC1, the second with 1 ~r NaCI 0.005 N in HC1.
3. Same as (1), except that both extractions were made with 1 ~ NaC1 which was 0.05 in sodium acetate and 0.05 N in HC1.
4. Same as (1), except that both extractions were made at 70± 1 ° C. for 5 minutes instead of in a boiling water bath for 3 minutes.
5. Same as (4), except that CaC12.2H20 to give 0.05 rag. per cc. was added to the combined extracts. The pH was then brought to pH 7.4, and the precipitated echinochrome filtered off.
6. The packed eggs were extracted twice in a water bath at 504-1 ° C. with 5 cc. of 0.005 N HC1 in 50 per cent acetone. After centrifuging off the precipitated material, the combined supernatant solutions were approximately neutralized. After standing in the cold for 30 minutes, a heavy brown precipitate had formed; this was centrifuged off and discarded. The supematant was aerated for 30 minutes at 45-50 ° C., which reduced the volume to 5.2 cc. The solutions were brought to 10.0 cc. with 2 ~ NaC1, adjusted to pH 6.5--6.6, centrifuged to remove a little more echinochrome.
7. Same as (1), except that both extracts were made with 2.5 cc. 1 ~ NaC1 which was 0.01 N in HC1.
8. Same as (I), except that both extracts were made with 2.5 cc. 1 ~ NaC1 which was 0.01 N in NaOH.
9. Same as (1), except that both extracts were made with 1 ~ NaC1 which was 0.03 N in HC1.
10. Same as (1), except that both extracts were made with 1 ~ NaC1 which was 1 N in NaOH.
In these samples, the added diphosphopyridine nucleotide was allowed to stand in contact with the packed eggs before addition of extraction fluid; the low recoveries suggest that the unheated whole eggs have, in these three samples, caused some breakdown of the diphosphopyridine nucleotide. Accordingly, in subsequent experiments the diphosphopyridine was added with the extraction fluid and the mixture then brought to the temperature of the boiling water bath within a few seconds after the addition. The egg extracts to be tested (0.02 to 0.1 cc. containing 1 to 4 micrograms diphosphopyridine nucleotide) were introduced into the side arm with a micro pipette, and water was added to the main compartment to make a total liquid volume of 3.0 cc. The manometers were filled in the bath with 5 per cent C02 : 95 per cent N2 and equilibrated for a total of 15 minutes at 38°C. The contents of the main vessel and the side arm were mixed; 5 minutes were allowed to elapse for restoration of equilibrium, and manometer readings were then taken at 5 minute intervals for 30 minutes. The rate of gas evolution was determined from the slope of the CO~ evolution-time curve.
The amount of diphosphopyridine nucleotide present in each unknown sample was determined by comparison with a calibration curve obtained with a series of flasks in which the egg extract had been replaced with the same volume of an aqueous solution containing from 1 to 5 micrograms of diphosphopyridine nucleotide. Under the present experimental conditions the average CO2 evolution (in excess of the blank) was approximately 25 c.mm. per hour per microgram of the working standard sample of diphosphopyridine nucleotide, the rate varying somewhat with different muscle extract preparations, but remaining constant for more than a week with any given preparation. Owing to lack of suitable equipment for shaking the muscle extract during removal, by charcoal, of the diphosphopyridine nucleotide initially present in the acetone powder, the blank values were larger than those observed by Jandorf, Klemperer, and Hastings, being here approximately 15-17 c.mm. per hour per manometric flask. Calibration curves were run frequently, usually with each determination, using a freshly diluted diphosphopyridine nucleotide solution as reference.
The diphosphopyridine nucleotide working standard was prepared from yeast by the method of Jandorf (11) . It had a purity of 51 ~ 2 per cent, as determined by comparison, in the manometric system, with a reference sample of diphosphopyridine nucleotide which had been shown to have a purity of 92 per cent on the basis of dithionite reduction and ultraviolet absorption.
From thirty-three analyses carried out for oxidized diphosphopyridine nucleotide, the recovery of diphosphopyridine nucleotide was 96 per cent with a standard deviation of 6.9.
EXPERIMENTAL RESULTS
Diphosphopyridine Nudeotide Content of Arbacia Eggs.--In contrast to the
results reported for diphosphothiamlne in the previous paper, it was found that both the naturally present and the added diphosphopyridine nucleotide were relatively easy to recover quantitatively. The results obtained with a number of extraction procedures are given in Table I . With the exception of one experiment (No. 42) where a relatively concentrated solution of the diphosphopyridine nucleotide was allowed to stand in contact with the packed eggs for some minutes before addition of extraction fluid and heating, the recoveries with acid extraction fluids were satisfactory.
Very early in the analyses it was observed that the apparent diphospho-pyridine nucleotide content of the eggs tended to drop somewhat by 30 minutes after fertilization and still more by the 10th hour after fertilization. It seemed possible that this apparent decrease might be due to conversion, in the course of the egg development, of a part of the oxidized diphosphopyridine nucleotide to the dihydro form which would be destroyed during acid extraction (6) . To test this possibility, a number of parallel extractions were made, extracting at pH 2 to obtain only the oxidized form, and at pH 12 to obtain only the reduced form. Confirming Euler and coworkers (6), the oxidized diphosphopyridine nucleotide was rapidly destroyed in alkaline extraction fluids (No. 78, Table I ), indicating that any activity recovered at pH 8 or above was associated only with the reduced form of the diphosphopyridine nucleotide. These experiments indicated that (a) the eggs have approximately 25-40 per cent of their total diphosphopyridine nucleotide in the reduced state, (b) the ratio of the reduced form to the total does not vary substantially during the first 10 hours of development, and (c) the value for total diphosphopyridine nucleotide as estimated from the sum of the separate values for oxidized and reduced forms is equal to or somewhat greater than that obtained by simultaneous extraction of both forms at a single pH in the range between pH 3.5 and pH 8.
Attempts to Demonstrate Triosephosphate and Glutamic Dehydrogenases in the Arbacia Egg.--Diphosphopyridine nucleotide is a component of both the triosephosphate (5) and the glutamic acid (12) dehydrogenase systems of animal tissues. Since fertilized Arbacia eggs can apparently consume both carbohydrate and amino acids during their early development (13) , it would be of interest to know whether the eggs contain these two enzymes.
There are reasons for believing that triosephosphate dehydrogenase might not be detected in Arbacia egg cytolysates, even if the enzyme is present in the intact egg. In the first place, Rapkine (14) has shown that the activity of triosephosphate dehydrogenase from certain animal tissdes is lost when the sulfhydryl groups of the enzymatically active protein are oxidized. In the second place, a number of naphthoquinones closely related to echinochrome have been found (15) to be excellent catalysts for oxidation of sulfhydryl groups. Thus, the echinochrome liberated from the pigment granules during cytolysis might seriously disturb tests for triosephosphate dehydrogenase and other enzyme systems in which activity is dependent on the presence of sulfhydryl groups in the reduced state.
Since the time and the egg supply required for a thorough investigation of this problem were not available at the end of the 1941 season, preliminary tests for triosedehydrogenase were carried out, at 20°C., on egg cytolysates in a system analogous to that employed in the diphosphopyridine nucleotide assay system and also by the ferricyanide method (16) . Egg cytolysates equivalent to 500 mg. wet eggs were used in both cases. Tests of both types were negative, as were tests for glutamic acid dehydrogenase by the ferricyanide method.
It is proposed to continue the search for triosedehydrogenase in the echinochrome-free Arbacia egg fractions employed during the season of 1941 by Hutchens, Kopac, and Krahl (17) for cytochrome oxidase determinations by the Cartesian diver method and, at the same time, to explore the possibility that control of the state of oxidation of sulfhydryl groups in certain enzymatically active proteins may provide one physiological function for echinochrome.
The authors are indebted to Mr. L. A. Baker for his assistance in preparing the eggs for analysis. SUMMARY 1. The diphosphopyridine nucleotide content of Arbacia eggs has been measured manometricaUy and found to be approximately 250-500 micrograms per gm. wet weight of eggs, the value varying with individual egg samples and with the state of development of the eggs. Of the total diphosphopyridine nucleotide present, approximately 25-40 per cent is in an alkali-stable, presumably the dihydro, form.
2. Tests for triosephosphate and glutamic acid dehydrogenases carried out on Arbacia egg cytolysates were negative.
